OBJECTIVE: To investigate which of six anthropometric indices was most strongly associated with elevated blood pressure and frank hypertension in a representative population sample of young and middle-aged British adults. SUBJECTS: A representative random sample of British adults (2712 men and 3279 women) aged between 18 and 64 y, who were resident in England, Scotland and Wales, were studied in the 1984±85 Health and Lifestyle Survey. MEASUREMENTS: Following an interview where demographic, health and lifestyle details were recorded, measurements of height, weight and waist and hip circumference were made by a nurse at a home visit, where blood pressure and medication to control blood pressure were also recorded. BMI and the ratios of waist circumference to height (WHTR) and waist circumference to hip (WHR) were calculated. Respondents with a blood pressure above 140 mm Hg (systolic) and/or 90 mm Hg (diastolic) or who were being treated for hypertension were classi®ed as having elevated blood pressure. RESULTS: For men and women aged 18±39 and 40±64 y the prevalence of elevated blood pressure increased across the quintiles of BMI, weight, waist, WHTR and WHR was P`0.001 for each, with waist and WHTR having the highest odds ratios. Waist and height adjusted for each other were independently related to the prevalence of elevated blood pressure in 40±64 y old men and women. Height, on its own, was inversely related (P`0.05) only in the 40±64 y old men.
Introduction
Adiposity has long been associated with the risk of developing cardiovascular disease, but which measure of obesity is the best predictor of cardiovascular disease has recently become the subject of much investigation.
BMI has been shown to be associated with cardiovascular risk factors including elevated blood pressure 1±7 and is routinely used in the clinic situation as an indicator of health risk. However, BMI does not necessarily re¯ect regional adiposity and as Segal et al 8 showed, men with a high BMI but a normal proportion of body fat have a low cardiovascular risk pro®le, similar to non-obese men, whereas obese men with a high body fat (b 25%) have higher risk values. Many studies have found that anthropometric measures which include an assessment of fatness, particularly the regional distribution of fat, show closer associations with a range of risk factors and are better predictors of mortality. Some studies have found that the waist to hip ratio (WHR) is a better indicator than BMI of risk factors 1, 9 and a better predictor of myocardial infarction and mortality in women 10 and of CHD in elderly men. 4 In younger men the regional distribution of fat seems less important as BMI and WHR are both well correlated with risk factors. 3, 11 Other studies have found close associations with the waist to thigh ratio, 12, 13 the waist circumference 12 ,14± 16 and the waist to height ratio (WHTR). 5, 17 Short stature has been shown to be related to the occurrence of coronary heart disease in men 4 and women. 18 Comparison of skinfold thicknesses at a number of sites, as an indicator of regional fat distribution, has been employed to show associations with cardiovascular disease. 12, 13, 19, 20 The amount of intra-abdominal adipose tissue (IAT) as determined by computed tomography has been found to be closely associated with cardiovascular risk factors, including elevated blood pressure, in women, 21 strengthening the hypothesis that it is this adipose tissue which is associated in some way with cardiovascular disease. IAT correlates closely with waist measurements and changes in waist circumference parallel those in IAT, 22, 23 but the waist to height ratio has been shown to have the strongest association with IAT. 24 In Britain, the Government's targets are for reductions in both obesity and blood pressure by the year 2005, 25 in the face of a rising prevalence of obesity. 26 From the public health point of view, it is desirable to identify a simple non-invasive, and non-intrusive anthropometric measurement which gives the most reliable indication of risk. Data from the nationwide random sample of adult British subjects who took part in the Health and Lifestyle Survey 27 have been analysed to compare the associations of elevated blood pressure and frank hypertension with six anthropometric indices: BMI, height, weight, the waist to hip ratio, waist circumference and the waist to height ratio. A brief report of these ®ndings has been presented elsewhere. 28 
Methods
The 1984±85 Health and Lifestyle Survey was carried out on a representative sample of 9003 adults, aged 18±97 y, resident in England, Scotland and Wales. They were randomly selected from two wards in each of 198 constituencies. The response rate at viable addresses was 77.6%. The respondents were interviewed in their own homes by a trained interviewer using a structured questionnaire. The topics covered were socio-demographic details, past and present illness, current health status, attitudes to health and dietary, smoking, drinking, exercise and leisure activities. Following this a nurse visited the consenting 7414 respondents and carried out measurements of height, weight and waist girth, as well as blood pressure and lung function. Current medication was also recorded by the nurse. This report covers the 2712 men and 3279 women aged 18±64 y on whom valid anthropometric and blood pressure measurements were made. Hip circumference was also measured in 1659 and 2186 of these men and women respectively. A full description of the survey is described elsewhere. 27 Height was measured to the nearest 1 mm in stockinged feet, using a portable stadiometer, with the subject's head positioned so that the eye was level with the external auditory meatus (the Frankfurt line). Weight was measured with electronic scales to the nearest 100 g, in indoor clothing, with a correction made for what the nurse judged to be heavy or light clothing. The scales were regularly calibrated. Waist circumference was measured halfway between the lowest rib and the top of the iliac crest using a plastic measure. Hip circumference was measured at the widest part. From the measurements Body Mass Index (BMI), the waist/hip ratio (WHR) and the waist/height ratio (WHTR) were calculated.
Blood pressure measurements were made with the respondent relaxed and seated upright with the right forearm supported in a resting position. An automatic blood pressure measuring device, the Datascopè Accutorr', was employed to record four measurements of systolic, diastolic and mean blood pressure and pulse rate. The lowest of each of the readings were those used for analysis. The use of the`Accutorr' eliminated observer error and the dif®culties of hearing systolic and diastolic sounds in a noisy domestic situation. The Accutorr machines were evaluated by comparison with intra-arterial catheterization, and checked regularly against a mercury manometer. Details of any medication for hypertension or which could affect the blood pressure were recorded. Respondents who were normotensive at measurement, and with no history of hypertension, but who were on therapy which could affect (lower) blood pressure were excluded, 21 men and 28 women. Those respondents in whom valid anthropometric measurements could not be made because of pregnancy, missing limbs or an inability to stand upright, were also excluded, 22 men and 127 women. The survey was carried out in three waves, and hip measurements were only made on respondents in waves two and three.
Those with a history of hypertension and currently on medication to lower blood pressure, or a systolic blood pressure over 140 mm Hg and a diastolic blood pressure over 90 mm Hg, were classi®ed as having elevated blood pressure. Respondents with a history of treated hypertension or a systolic blood pressure above 160 mm Hg and/or diastolic blood pressure above 95 mm Hg were classi®ed as hypertensive. The smoking categories used were non-smokers: never having smoked as much as one cigarette, cigar or pipe a day for six months, smokers: those currently smoking at least one cigarette, pipe or cigar a day, and ex-smokers: those who used to smoke regularly, for more than six months.
For each anthropometric index, quintiles were derived separately for men and women from data from the whole survey population, aged 18±97 y.
Statistical analysis
Logistic regression analysis (SPSS) was used to describe trends of the prevalence of elevated blood pressure across the quintiles of each anthropometric index adjusting for age, entered as a continuous variable, in each age group. The odds ratios give the incremental odds of the occurrence of elevated blood pressure from one quintile to the next. The relationship of measured systolic and diastolic blood pressure to the measured anthropometric indices was calculated by partial linear correlation, adjusting for age in each group. The co-adjusted effects of height and waist with the prevalence of elevated blood pressure was also examined using logistic regression analysis, again adjusting for age. Table 1 shows the ranges of values in each quintile for the six anthropometric indices studied. Figure 1 (a) and (b) shows (unadjusted) proportions of those aged 18±39 y with elevated blood pressure in each quintile for the six anthropometric indices. For each index, except height, the prevalence of elevated blood pressure rose from the lowest to the highest anthropometric quintile, and in each quintile the prevalence was higher in the men than in the women.
Results
In the middle aged, 40±64 y group, the proportions of men and women with elevated blood pressure were higher in each quintile (Figure 2(a) and (b) ) than for younger subjects. The prevalence of elevated blood pressure increased from the ®rst to the ®fth quintile for each index except height. The proportion of hypertensives in each quintile is also shown, and reveals similar trends. The prevalence of elevated blood pressure and hypertension increased with decreasing height in men and women.
The trends across the quintiles for elevated blood pressure in two age groups are shown in Table 2 . For each index, except height, the increments of the prevalence of elevated blood pressure from quintile 1, through to quintile 5 were highly signi®-cant. The odds ratios were higher for all indices for women than for men, re¯ecting a steeper gradient. In all groups the odds ratios were higher for waist and WHTR than for the other indices, including WHR. Analyses of BMI, WHTR, waist, weight and height on the reduced sample for whom WHR measurements were available revealed that the odds ratios and con®dence intervals were very close to those using the full sample. There was a signi®cant inverse association with height only in middle aged men.
Correlations between measured systolic and diastolic blood pressure levels and the anthropometric indices within each age group, are shown in Table 3 . Except for height, systolic and diastolic blood pressure levels were closely associated with all the indices. In men the correlations with systolic blood pressure were closer in the younger age group than in the middle aged group. Overall, for men, the correlations with WHTR were marginally closer than for waist and BMI and considerably closer than for WHR or weight. In the women, BMI showed the closest correlations, followed by WHTR and waist, and weight for the 18±39 y old group. Whereas the correlations for WHR for men were fairly similar to those of the other indices (except height) the WHR correlations for women were much lower. Exclusion of the treated hypertensives, whose blood pressure would have been modi®ed by treatment, slightly reduced the closeness of correlations but did not substantially alter the ranking of the indices. Although the distribution of smokers, ex-smokers and non-smokers was not uniform across the quintiles of the anthropometric indices (except for height and WHR) adjusting for smoking did not alter the associations with hypertension or elevated blood pressure. Thus no independent association of smoking with blood pressure could be detected. Table 4 reveals that there are independent effects of waist and height in relation to the prevalence of elevated blood pressure in the middle aged group, with the effect stronger for men than women. There was a greater prevalence of elevated blood pressure in the shorter subjects. There were no signi®cant trends in the younger age group.
Discussion
The present study shows that all the anthropometric indices, except height, were closely associated with the prevalence of elevated blood pressure with WHTR and waist having higher OR values than other anthropometric indices. As short stature is associated with an increased risk of elevated blood pressure, in the 40±64 y old group, when waist is taken into account WHTR has been shown to be a good index of risk, at least in middle aged subjects. The closer association of WHTR than waist with intra-abdominal fat measurements 24 also indicates that WHTR is an index of value. The weaker, although still highly signi®cant, association of waist/hip (WHR) with elevated blood pressure, hypertension and intra-abdominal fat suggest that this index is of less value than WHTR or waist.
The association between the risk of cardiovascular disease, or the presence of an elevated blood pressure and increased intra-abdominal adipose tissue now seems well established. However, it is not practical in mass screening or clinic situations to conduct computed tomography, so the established association between waist circumference and IAT 22, 23 and waist/ height and IAT 24 enables measurements involving the waist to be used as a surrogate for IAT. The ®ndings in most studies that WHR is not only less closely correlated with IAT, cardiovascular disease and its risk factors than is waist circumference alone, waist/ thigh or waist/height 22, 23, 27 indicates that lower abdominal fat may be incorporated in the hip girth measurement or that WHR is also measuring muscle mass.
Thigh measurements which have been employed in association with the waist circumference, are more intrusive than measurements of weight, height or waist, a point to be taken into consideration when selecting a simple but reliable index for routine risk assessment.
The relationship between WHTR, which is a very simple anthropometric index to obtain, and elevated blood pressure suggests that WHTR can be used routinely to screen for those who need to reduce their intra-abdominal adipose tissue, particularly middle aged subjects, who are at greatest risk of premature cardiovascular disease. Indeed, prospective studies from HALS using mortality data on those who died in the ten years following the 1984±85 survey, and on respondents seen again in the follow-up survey of 1991±92 showed that WHTR was more closely associated with all causes of mortality and the development of, or death from, cardiovascular disease than BMI. 29, 30 Hsieh and Yoshinaga 5 showed, in Japanese men, that the WHTR ratio was a good predictor of a number of CHD risk factors including raised systolic blood pressure. In the Health Professionals Follow-up Study in the USA, waist circumference adjusted for height was also shown to be a better discriminator for multivariate coronary risk than waist circumference, hip girth or hip/height ratio, particularly in older men. 4 In this study it has also been shown that WHTR had a close association with the prevalence of elevated blood pressure, particularly in those aged 40±64 y. WHR occupied a relatively poor position compared to WHTR, waist and BMI and even weight.
Bonara et al 7 have shown that WHR was not such a good indicator of cardiovascular risk as other mea- sures as it did not distinguish between subcutaneous and visceral fat, whereas subscapular fat thickness, used as an indicator of central adiposity, was closely related to blood pressure in middle-aged American subjects in the NHANES I study. 19 The association was closer in women than men. Similarly, the present study has shown a steeper gradient for the prevalence of elevated blood pressure across the anthropometric quintiles (except for height) in women than men. This indicates that increased weight, or adipose tissue in women is more hazardous, in terms of blood pressure, than for men.
The measured values of blood pressure measurements in treated hypertensives may range from normal to above 160/95 mm Hg, depending on the effectiveness of treatment and compliance. By grouping all treated hypertensives with the newly recognised hypertensives and examining them by quintiles of anthropometric indices any spurious effect of antihypertensive medication is eliminated. Studies reporting correlations between BMI or indices of fat distribution and blood pressure have not always indicated how the measured blood pressure values of those on anti-hypertensive treatment were dealt with in the analyses. reported adjusting for anti-hypertensive drugs in their study of adipose tissue distribution in relation to diabetes. The linear correlations between measured blood pressure in this study and the various anthropometric indices are similar with and without the inclusion of the treated hypertensives and this might suggest that the relationships are with measured rather than intrinsic blood pressure. This would mean that drug treatment of blood pressure would also considerably alter anthropometric indices, which is clearly not the case. However, since in the present study only 9% of the women and 8% of the men were treated hypertensives, their contributions to the overall correlations were small (Table 3) . Furthermore nearly half of these hypertensive subjects had blood pressure measurements above the normal range. In studies where the proportions of treated hypertensives, especially if they are being successfully treated, are greater this factor may need to be taken into account.
Although smoking is a very potent independent risk factor for cardiovascular disease, the associations between elevated blood pressure and the anthropometric indices appear to be similar for non-smokers, ex-smokers and smokers as has been found for BMI. 6 However, since there was an excess of male exsmokers in the higher quintiles of WHTR, BMI, waist and weight, with the increased prevalence in these quintiles of elevated blood pressure, the public health message to ex-smokers to control their weight and waist circumference needs to be emphasised. It is apparent that, although waist reduction is concurrent with weight reduction, intra-abdominal adipose tissue is more responsive than adipose tissue in other regions, to weight reduction regimes, 14 and waist changes correlate with those of IAT, at least in women. 23, 31 The observation that height was related (inversely) to the prevalence of elevated blood pressure in the middle aged, but not the younger, subjects raises the question of the mechanism of action. Barker and coworkers 32 have postulated that nutritional deprivation in foetal life and infancy not only predispose to various diseases, including cardiovascular disease, diabetes and hypertension, but also results in failure to obtain full growth potential. One possible explanation for the current ®ndings is that the middle aged subjects were mostly born before World War II when ante-natal and post-natal services were not so well developed. There may therefore have been more subjects in that age group who were inadequately nourished in early life, so that this is a cohort effect. Alternatively, those in the younger group, who were not adequately nourished in utero or infancy, had not yet reached the age where the risks to health become manifest.
